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quadrivalents and trivalent are common. Lamm (1945) discovered multivalents in autopolyploid S. rybinii and the same occurrence in Lycopersicum esculentum (Upcott 1935) . The frequency of these multivalents observed at diakinesis was analysed and shown in Table 2 . In Fig. 5 is shown a nucleus with 2 quadrivalents and 20 bivalents. Table 1 . Frequency of chiasmata at diplotene in S. polytrichon Rydb.
* PMC: pollen-mother-cell . The chromosomes are held together by a single or two chiasmata and the fre quency of chiasmata is reduced at this stage and varies form 1.12 to 1.22 per bivalent This is presented in Table 3 .
At first metaphase as might be expected from diakinesis 24 bivalents are usual ly seen. The multivalents could not be followed due to overcrowding of chromo somes at the equatorial region of spindle. The univalents are easily followed at metaphase where they failed to orientate at the equatorial region of the spindle (Fig. 8) .
At first anaphase the polyvalents and bivalents disjoin and move towards the poles while the univalents move slowly between the poles. These univalents lag, divide or are eliminated (Figs. 10, 14) . First anaphase is also characterized by the presence of fragments (Fig. 11) . The presence of fragments at anaphase without any chromatid bridge seemed to indicate that the bridge had either been disjoined early or carried to one of the poles (Fig. 11) , leaving a fragment between separating groups of chromosomes. The frequency of bridges, fragments, lagging and eliminat ed chromosomes at first anaphase is shown in Table 4 . Table  5 .
The presence of secondary association chromosomes is conspicuous especially at the second metaphase. This is analysed in Table 6 . Pollen Pollen formation in this species is not as regular as expected . The formation of micronuclei from eliminated chromosomes and fragments was noted and is not an unsual feature. Table 8 shows the frequency of micronulclei during pollen for mation.
As expected certain amount of dwarf and morphologically deformed pollen grains occur (Figs. 28, 29) resulting from irregularities during formation of pollen . The percentage of deformed pollen was 27.90 while that of good pollen was 72.10%, An analysis of aberration during second division shows (12 .35%) irregularities along with 6.28% formation of micronuclei . The percentage of aberration (21.35) during second division, seems to indicate that there is direct connection between cytological aberration and malformation of pollen . The incidence of deformity of pollen (27.90%) is very colse to the percentage of aberration during second division (21.35).
Discussion

Pairing and association of chromosomes
The tuber producing Solanum species used in this investigation have been found to be tetraploid with 48 chromosomes, 2n=48. Where there is complete pairing between the four homologous chromosomes they will all be held together as a quad rivalent. If pairing is incomplete as demonstrated in the tetraploid species studied they may form two bivalents, one bivalent and two univalents, one trivalent and one univalent or even four univalents. Cadman (1943) demonstrated the presence of multivalents in form of trivalents and quadrivalents in S. tuberosum which is a tetraploid. Schnell (1948) also re ported the occurrence of trivalents and quadrivalents in some fequency along with bivalents and univalents. Association higher than quadrivalents was also reported in S. tuberosum (Longley and Clark 1930 , Meurman and Ranken 1932 , Muntzing 1933 , Ellison 1936 , Giles 1955 . They interpreted such higher association as resulting from the presence of heterozygosity for structural change.
The incidence of quadrivalents in this tetraploid species is high (44.33) percent. This gives indication that they are auto-tetraploid and therefore shows a high degree of affinity between four sets of chromosomes. Swaminathan (1954a, b) also record ed such a high incidence of multivalents in a number of commerical potato varities. The low frequency of multivalents in a hybrid of S. tuberosum variety Deodora by Kawakami and Matsubayashi (1954, 1957) was interpreted by them as being indicative of low degree of affinity between the two sets from S. tuberosum parent and thus of the allotetraploid nature of the cultivated variety.
Chiasma and terminalisation values
The homology of chromosomes is determined by the degree of pairing followed by crossing over and free gene exchange manifested at the diplotene stage of meiotic division. This occurs at every chiasma. Organisms with very large chromosomes usually experience incomplete pairing at pachytene due to 'time limit' for pairing. As expected the frequency of chiasmata per bivalent at diplotene in the tetraploid species is low and is 1.62 per bivalent due presumably to the presence of large num ber of chromosomes and hence competition for pairing and time factor. It is noted that there is reduction in the number of chiasmata at diakinesis (1.22). This re duction is due to terminalization (Darlington 1929a, b) .
Dicentric chromatid bridge
Chromatid bridges were frequency observed in this Solanum species investigated. These bridges separated with difficulty while at times they break at late telophase. Fragments are produced as a result of the break in bridges, but since fragments at times occur along with bridges it means that they may be produced before the breakage occurs. The presence of dicentric chromatid bridge along with acentric chromatid fragment may be explained on the basis of cross over within an inversion. The presence of this bridge along with a fragment furnishes a cytological method for detecting inversion at meiotic division. These chromatid bridges may break at any point during chromosome separation at anaphase stages, and thus give rise to chromosomes with additional segments or to chromosomes lacking certain segments, this may result in formation of a new chromosome, a deficient or duplicated with certain segments. A chromosome with deficient or added segment may prove lethal to the gamete which contained it but not in all cases, provided the missing segments were small. Upcott (1937) correlated sterility with bridge formation in Tulipa, she consider ed that more than 10 percent inversion causes considerable sterility. Within this tetraploid it is noticed that there is no relationship between the chromatid bridge and deformity of pollen. The percentage of chromatid bridge formation in S. poly trichon 3.94 is somewhat not correlated with the incidence of deformity of pollen 27.90.
4. Failure of pairing in homologous chromosomes-cause and consequence Although a high degree of homology exists between chromosomes of tetraploid species of Solanum, inspite of this, occurrence of failure of pairing is not unusual. It is often considered that failure of pairing among chromosomes which are potential ly capable of doing so may be due to segmental differences with pairing of chromo somes (Darlington 1937 , 1965 , Moffett 1936 . There is a high percentage of failure of pairing in S. polytrichon. Despite the strong homology existing between four sets of chromosome (being autotetraploids) which is demonstrated by high percentage of pairing (78.16) the percentage of occurrence of univalents is not negligible (22.84). Other causes of failure of pairing is mechanical interference with pairing owing to presence of four sets of homologous chromosomes. However it is probable that genetic dissimilarity of individual chromosomes is also responsible for certain amount of failure of pairing amongst pairable chromosome mates in Solanum. Results show that there is preponderance of two over other groups and the most frequent combination is four groups of 2 and four free chromosomes al though the maximum number of 2 noted is seven. Choudhuri (1943) demonstrated the occurrence of such secondary pairing in six "diploid" wild tuber bearing Solanum.
Summary
The haploid number of chromosomes in S. polytrichon Rydb . is found to be 24 (n=24) and is therefore tetraploid, since the basic number of chromosomes in potato is n=12.
Frequencies of chiasmata at diplotene and diakinesis are analysed . The chiasma frequency per bivalent at diplotene and diakinesis varied from 1.62 to 1.22 respectively.
The incidence of quadrivalents in the tetraploid species investigated is high 44.33%. This gives indication that they are autotetraploid and therefore shows a high degree of affinity between four sets of chromosomes.
The percentage of univalents is 21.62. Mechanical interference with pairing owing to presence of four sets of homologous chromosomes is likely to cause more failure of pairing in tetraploids. It is also probably that genetic dissimilarity of individual chromosomes is also responsible for certain amount of failure of pairing amongst pairable chromosome mates in Solanum. The univalents behave in dif ferent ways; they either pass to the poles or lag in between separating groups of chro mosomes or divide. The division and elimination of univalents cause unequal dis tribution of chromosomes on second metaphase plates. Univalents and fragments which failed to be included in the daughter nuclei formed micronuclei (44.06%).
The frequency of chromatid bridge is 3.94. There is no relationship between the chromatid bridge and deformity of pollen in S. polytrichon. The abortion of pollen grains in this species is presumably due to gene mutation.
The strong homology between four genomes indicates that it is probably of autopolyploid origin. It can therefore be suggested that one of the main lines of evolution is the tetraploid S. polytrichon Rydb. has been the occurrence of poly ploidy.
